Objective: The aim of this study was to evaluate the effect of the four staining solutions (SS) coffee (CF), grape juice (GJ), acai berry, and green tea, on color stability of four composite resin (CR) A (Amelogen Plus/Ultradent), F (Filtek Z350 XT/3M ESPE), C (Charisma Opal/Heraeus/Kulser, and G (Grandio SO/Voco GmbH) when submitted to surface treatments (ST) using the mouthwashes (MW) Listerine Whitening (J and J); plax whitening tartar control (Colgate) and Oral B Pro-health (Oral B), and bleaching agent (BA) -10% carbamide peroxide (CP) (Opalescence PF 10% Regular/Ultradent Products Inc.). Materials and Methods: One hundred disks of each CR were made and distributed into subgroups: Control, MW, and BA. After ST, they were immersed into the SS (24 h). The specimens were submitted to three color measurements using a reflectance spectrophotometer (Konica Minolta). Results: The data were submitted to the statistical analysis using the ANOVA and Tukey's tests (P < 0.05). The results showed that after ST, the CR of Group C presented higher mean color variation (MCV). The ST that showed the highest MCV was 10% CP after submitting the specimens to the SS. Group F showed the highest MCV. The ST that showed the highest MCV was Group Oral B and the SS with the highest MCV were GJ and CF. The CR influences color stability. The MWs increase susceptibility to staining of CR. All the SS influenced color stability of CR.
Introduction
Direct composite resins (CRs) restorations have innumerable advantages in restorative treatments, being the best choice to preserve tooth structure, which corroborates with the recent concepts of a more conservative approach in restorative dentistry. The technique enables adequate sealing of cavities using adhesive systems. [1] Currently, CRs mimic color, translucency, and texture of a natural tooth as well as having adequate biomechanical properties due to the improvement in the matrix composition and load-matrix bond. Thus, since the beginning of the 1970s, these restorative materials have become the material of choice for direct esthetic restorations of anterior teeth and, more recently, of posterior teeth due to the improvement in the wear strength properties. The mean longevity of CR in anterior teeth (7 years ) is now similar to the one found for amalgam restorations (10 years). [1, 2] CRs are cross-linked polymeric materials reinforced with dispersion of glass crystals or inorganic filler particles composed of glass, quartz, or silica particles bonded to the organic matrix (bisphenol A-glycidyl methacrylate [Bis-GMA], triethyleneglycol-dimethacrylate [TEGDMA] , ultra direct memory access) by Silane bonding agents. [2] This composition and load distribution differ among the different CRs now available on the market. Recent studies have shown that different compositions of resins, such as nanohybrid and microhybrid, undergo changes in color stability when exposed to different types of beverages such as CF, tea, red wine, and col. [3] Color change in restorations may be the result of intrinsic or extrinsic causes. The extrinsic causes include the accumulation of plaque and stain on the surface or sub-surface resulting in surface degradation or slight penetration and reaction of staining agents within the surface layer of the CR. [4] The intrinsic causes result in the discoloration of resins such as the alteration of the resin matrix, matrix interface, and filler particles. [5] CRs color stability, previously analyzed in other studies, [3, 6] is also affected by factors such as roughness and surface integrity, which are altered by commonly used chemical agents such as alcohol, mouthwashes (MW), [7] and by polishing techniques. At present, due to the search for esthetics and the launching of new products on the dental market, there has been an exponential increase for dental bleaching treatments that use bleaching gels and MW containing bleaching substances in their composition. In an attempt to have "perfectly white" teeth, individuals have been using bleaching techniques that may cause modifications on the surface and shine of composites. [8, 9] Teeth restored with CRs are submitted to the action of these substances. Some recent studies have tested the relationship between BAs and surface and color changes of CRs showing that in vitro bleaching did not increase the susceptibility to staining and surface changes of CR due to extrinsic factors. [10, 11] Alcohol may be present in the formulae of some MW that, according to Ardu et al., [12] may also cause changes in surface and shine of CR restorations. Similar to fluoride, which is present in the formula of MW, a substance that, according to Jung et al. [13] promotes a slight change in color and alteration of the composite surface.
Therefore, understanding the changes in color stability of CRs caused by chemical agents used in dental procedures by MW used by patients and by beverages, ingested daily, containing coloring is of fundamental importance for the dentist, not only when performing these procedures, but also when guiding patients who are submitted to esthetic dental bleaching treatments.
The aim of this study was to evaluate the effect of the four staining solutions (SS) on color stability of four CR when submitted to previous surface treatments (ST) using a bleaching agent (BA) and MW.
The null hypotheses in our study were as follows: 1. The type of CR does not influence color stability of the material 2. ST with MW and carbamide peroxide (CP) does not influence susceptibility to color alteration of resins when immersed in different SS 3. The type of SS does not influence susceptibility to color change of CR.
Materials and Methods

Fabrication of CR disks
Four hundred disks (3 mm × 2 mm) were made of CR shade A2 with the aid of a silicone mold with a diameter of 2 mm and 3 mm high. To manufacture the disks, the CR was inserted in two increments into the silicone mold being one polymerized for 40 s, 36 j/cm², with a high-intensity visible light emitting diodes,
Model EMITTER A (Schuster Comércio de Equipamentos
Odontológicos Ltda, Santa Maria -RS -Brazil) at power density of 600 mW/cm². In the last increment, a polyester matrix was placed on the resin surface, and the polymerizing tip was in contact with the matrix during exposure of the material to light.
Distribution of disks into experimental groups
The disks were divided into groups according to the types of 
Processing of disks in each group
After the disks had been immersed into saliva at 37°C for 24 h, finishing and polishing was performed. For this procedure, each disk was placed onto a metal device (with a diameter perforation slightly larger than the disk and 2 mm deep) and taken to a circular polishing machine at 300 rpm in order to obtain a uniform surface. The surface was initially worn using 2400 grit water abrasive paper coupled to the circular polishing machine (DP-10, Panambra, São Paulo, SP, Brazil) at 300 rpm and then polished with 4000 grit water abrasive paper for 10 s. The three color readings were performed using a reflectance spectrophotometer (Konica Minolta c, e, p), model CM 2600 d, to collect the color data according to the system CIE L*a*b*. The appliance was adjusted to read small samples (SAV) with an observation angle of 10° and specular reflection. Included the appliance was adjusted to perform three consecutive readings on a white standard background to obtain a mean value per sample. The appliance was coupled to a microcomputer, and the program Spectromagic N X (Konica Minolta c, e, p) was used. The first reading was performed immediately after polishing. Next, 240 specimens were stored in Eppendorfs containing 2 ml of MW solution for 24 h and 80 were stored in Eppendorfs immersed into CP for 48 h. The other 80 specimens from the control group were not submitted to this stage and were kept in artificial saliva. After the ST period, the specimens were washed with distilled and deionized water, and the second color reading was performed. The data of general color variation (ΔE) were calculated comparing the initial data with those obtained after contact with the MW and BA agent as well as the initial data after immersion in the SS by using the formula
The 400 specimens were then stored in SS for 24 h. After this time interval, they were washed with deionized water, and the final color reading was performed. Throughout this process, all the specimens were stored at 37°C. The statistical analysis was performed using the two-way ANOVA and Tukey's tests for the data after the MW and three-way ANOVA and Tukey's tests for the data after the SS, and a level of significance of 5% was adopted.
Results
The two-way ANOVA test for the ΔE values for the color variation of CR after contact with the MW and BA, before being submitted to the SS, can be seen in Table 1 . All factors analyzed showed statistically significant differences as well as the interaction among them.
In Table 2 , the results of the Tukey's test for CR are stated. Groups F and C differ statistically from each other. Group F showed the lowest mean value for color alteration when submitted to ST, prior to the SS, but did not statistically differ from Groups G and A.
As to the ST, Table 3 shows the mean values for color variation, standard deviation (SD), and the results of the Tukey's test. It was found that Groups L, P, and O influenced the mean values for color variation in a statistically similar way. Group CP showed the highest mean color variation (MCV) and presented a statistically significant difference in comparison with the other groups, prior to the exposure to SS. Table 4 shows the result of the three-way ANOVA, with the interaction of the factors: Resin, ST, and SS. It was found that all the factors analyzed showed statistically significant interaction and influence (P < 0.05) on color variation and interaction among them. After the exposure of CR to SS, it can be identified in Table 5 the mean values, SD, and the results of the Tukey's test for the factor CR. The lowest MCV was found in Group G, while Group F showed the highest variation. Both groups differed statistically and from the other groups. Groups A and C presented statistically similar mean values.
Regarding ST after exposure to SS, it can be seen in Table 6 the mean values, SD, and the results of Tukey's test for the factor ST. The highest MCV was found in Group O that differed statistically from the other groups. Groups CP and S presented lower mean values, but statistically similar. Groups P and L presented statistically similar MCV.
After the exposure to the SS, the data found are presented in Table 7 that shows the mean values, SD, and the results of the Tukey's test for the factor SS. Group GT presented the lowest MCV that statistically differed from the other groups. Group GJ caused the highest mean variation and had a statistically similar effect as Group CF. Group AB differed statistically from the other groups and caused the second highest MCV.
Discussion
In this study, all the CR studied (microhybrid, nanoparticle, and nanohybrid) showed statistically significant MCV when along with exposed to MW, BA, and SS. Filtek Z350 XT, Amelogen Plus and Grandio SO CR showed the lower mean value for color variation when exposed to ST. But Filtek Z350 XT showed the highest MCV when exposed to the SS.
This color variation in the presence of SS is in agreement with previous studies of Nasin, et al., [4] who also found lower values for color stability for Filtek Z350 XT (nanoparticle) resin and stated that staining of this resin may be related to the nature of the matrix and disposition of the filler particles.
Ertas, et al. [3] concluded in their study that resins that do not contain TEGDMA in their composition show higher color stability than the materials that do contain TEGDMA. However, the latter study differs from our study with regard to grandio CR, which contains TEGDMA in its composition, and showed lower MCV after exposure to SS. Topcu, et al. [14] affirmed in another study that Filtek Z 250, which contains ethoxylated bisphenol A-methacrylate (Bis-EMA) in its composition, presented higher color alteration when exposed to SS than other materials studied that had TEGDMA in their composition. Bis-EMA has a more hydrophobic structure than TEGDMA.
With regard to ST, when MW and CP were compared, a statistically significant difference was found among them.
Group Oral B (alcohol-free) showed the highest MCV. According to Yap, et al . [15] the MW with or without alcohol may affect the hardness of restorative materials, but it depends on the chemical composition, type, and load of the materials. According to Gugan et al. [16] ethanol causes greater softening of the matrix of CRs that contain Bis-GMA in their composition, but concluded that alcohol is not the only factor that has a softening effect on CRs. However, Almeida, et al. [17] concluded that the use of MW containing alcohol with low pH may increase sorption and solubility of CRs. Furthermore, due to a larger surface area and volume of its filler particle system, the nanoparticle resin (Fittek Z 350) may suffer greater degradation than the hybrid resin (Filtek P 60).
In a disagreement with these studies, Lucena, et al. [7] concluded that the exclusive action of MW tested in their study (listerine, plax classic and plax kids) did not cause significant alteration in surface roughness; and Gurdal, et al. [18] found that the effects of MW did not differ statistically from distilled water with regard to color stability and microhardness of three different esthetic restorative materials assessed.
Differently from the MW, CP showed a statistically similar MCV to the saliva group in our study. Thus, it may be affirmed that it does not increase susceptibility of resins to different SS. This result was also found by Celik, et al. [11] According to Silva Costa, et al. [19] the BA used in their study did not cause deleterious effects on the microhardness of nanoparticle CRs when compared with the control group (artificial saliva). On the other hand, Wang, et al. [20] concluded that the changes in surface roughness of CRs after bleaching depend on time. They also found that Filtek Z350 CRs were not as affected as Grandio and Filtek Supreme resins when CP gel was used during a 4-week at-home bleaching treatment. Therefore, the nanoparticle material showed better performance than the control group. Other resins such as Filtek Z 250, opallis, and dental enamel, used as control showed greater surface roughness alterations over a period of time. Polydorou, et al. [21] also concluded that the in-office and at-home bleaching effect on the surface morphology of materials were time dependent and observed that the polished samples were more stable than the non-polished ones. Therefore, they recommend re-polishing the restorations after bleaching to overcome problems such as staining, biofilm formation, and bacterial adhesion that could be caused by the morphological change of the surface.
With regard to our third hypothesis, we found that the type of SS does influence the susceptibility to staining of CRs. GJ caused the highest MCV showing a statistically similar effect as CF, followed by AB and GT in all the resins studied. In previous studies as Fontes, et al. [22] the results showed that GJ caused greater color change followed by CF. Other authors tested red wine instead of GJ and also found higher color variation in comparison with other SS. [3, 5, 14] Park, et al. [23] tested GT, the same used in our study, among other SS, which also promoted slight color change of CRs.
Conclusion
It may be concluded that:
• The type of CR influences color stability. The color variation after immersion in MW and CP was low for the CR groups: F, G, and A. But after immersion in the SS, the CR group F showed higher color mean variation than the other resins • ST with MW and CP increases the susceptibility to staining of CR. However, immediately after the ST, the color variation was lower for the MW when compared to the CP. After the SS, the Group O showed higher MCV • The type of SS influences the susceptibility to staining of CRs. GJ and CF showed higher color variation than the other SS for all CR studied.
